Risk communication in the aftermath of an earthquake can provide actionable information to help vulnerable societies prevent further damage. It is most effective when scientists convey what they know about earthquakes and earthquake risk, instead of focusing on the unknowns.
The accelerating pace of global urbanization is putting a growing percentage of humanity at risk of catastrophic losses from major earthquakes. With many of the world's large cities in tectonically active areas, most seismolo gists consider it only a matter of time before the first earthquake kills a million people. Data and analysis about earthquakes and earthquake risk, the frequency of shaking (both past and predicted) and how human structures respond to that shaking can be used to make better decisions to protect life and property, but only if the information is accessible and understood beyond the technical community.
Typically, scientists and engineers have treated risk analysis and communication as a technical processrigorous algorithms assess probabilities, and often it is believed that people need to understand these for them to use the information. However, social scientists have convincingly demonstrated that human risk perception incorporates not only probabilities, but also a socializa tion of the information into a broader context 1,2 , incorpo rating factors such as fear, uncertainty and dreadedness. The unpredictability and suddenness of earthquakes, for example, significantly amplifies the perception of risk 3 . Similarly, the impression that no one understands what is happening further exacerbates fear. Earthquake scientists need to understand these factors if our com munication of information is to empower the public, both in the immediate aftermath of an earthquake and in earthquake risk mitigation.
Communication in earthquake aftermath
In the immediate aftermath of a strong earthquake, the sudden and unpredictable disruption causes many people to respond from a place of fear, whether they experienced damage or not. At this time, the desire for information is a desire for control. Asking the seismolo gists to give the earthquake a name, a fault and a number (magnitude) provides constraints on the experi ence and can demonstrate that the scientists understood the event. This reduction in uncertainty helps the public control their fear, a requirement for being able to make informed decisions and minimize subsequent risk. Thus, the most effective communication during response emphasizes that the earthquake was not a surprise; while the time of the event could not be pre dicted, our understanding of the distribution of shak ing and type of construction that will suffer can explain the pattern of damage. For example, ShakeMaps can be used to explain that earthquakes happen across a fault (a surface) and not at an epicenter (a point), and the strongest shaking and most of the damage is near the fault. This is one among many ways to show scientists understand much of what happens in earthquakes.
While the general public crave information on what is understood in order to alleviate their fear, what interests us, as scientists, is what we do not understand. When the ShakeMap shows a clean attenuation of shaking intensity with distance from the fault and some evidence of direc tivity, we mentally check off that box and move on to the next puzzle. It is natural to assume that those puzzles and scientific investigations, which matter so much to us, are why journalists would want to talk. Moreover, journalists recognize that many scientists struggle to communicate easily, especially in a live interview, and that the best nature reviews | Earth & EnvironmEnt way to get them talking is to ask what they have just learned. As a result, the interviews mostly discuss what we did not understand about the earthquake, propagat ing the misperception that scientists do not know why the damage happens where it does. Focusing the inter view instead on what is understood (and thus boring to us) requires thought, but will help the public regain emotional control.
Providing information about aftershocks and expec ted earthquakes also assures the public that what is hap pening is understood by the experts. However, using simplifications to avoid describing complicated ideas (like a hyperbolic time decay) can convey the wrong idea. For example, describing the probability of aftershocks as a percentage over a week has led to situations where people believe that the aftershocks are equally likely at any time within the week or that they are most likely at the end of the week, when instead this is when their probability has decayed to the lowest level. To avoid these miscommunications, I would advocate that any time a probability is issued publicly about a process governed by Omori's Law (both foreshocks and after shocks follow the hyperbolic decay), that an attempt be made to describe the temporal shape of the probability. Something as simple as saying that the most likely time for another earthquake is immediately, and that each passing hour makes it less likely, can help at least some of public better understand.
Long-term earthquake planning
Communication during an earthquake response aims to reduce the fear that drives the public in the immediate aftermath. However, when discussing long term earth quake risks, the opposite problem arises: without the driver of immediate fear, society tends to a normalization bias that makes it difficult to comprehend that a future earthquake will be any worse than what has already been experienced. If there is no way to know what will be damaged, mitigation seems a wasted effort.
The scientific community addresses this situation by trying to quantify uncertainty using hazard models with comprehensive error analyses. Constraints on the uncer tainty are the scientific tool to demonstrate the reliability of information, but to the general public, a scientific dis cussion of uncertainty is often heard as being uncertain. Moreover, this focuses the communication on the aspect of the earthquake problem that we do not know -the timing. The low probabilities over some time frames also communicates the idea that the event might not happen, rather than that the probability of an earthquake happening is 100%, given enough time.
A more effective approach to raising public awareness and eventual action is to demonstrate the impacts of a major earthquake. This focuses the discussion on the part of the problem that is understood more clearly: the dis tribution of ground shaking and the response of human construction to that shaking. While scientists often avoid stories given the potentially misleading nature of anec dotes, humans make decisions to act through stories and their emotional weight. An earthquake scenario becomes a scientifically defensible story that allows readers to connect emotionally to the likely consequences, thereby providing reasons to act. The creation and communica tion of the ShakeOut earthquake scenario in Southern California 4 led to the first ever major seismic safety legis lation in California to be passed without the occurrence of a major earthquake. Since 2015, more than a dozen cities in Southern California have passed or are working on mandatory building retrofit legislation.
Communicating earthquake risk
Demonstrating that scientists understand earthquake risk reduces fear. The public will always prefer a scientist talk ing from their expertise to a spokesperson reciting a pre pared statement. But we, as scientists, must recog nize that right after an earthquake is not the time to explain the latest theories or research results; it is the time to explain what is understood. Research in psycho logy, communi cations and related fields has actionable information directly bearing on how people hear and use earthquake risk information. For all the seismo logists reading this -and more broadly those working in natural hazards -I urge you to inform yourself about this research and begin to use it. Do not assume that your role is only to answer the questions the reporter asks, but think about what the broader community needs from you.
